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SECONUAKY PULISUKING UF OWLS BY ANTICOAGULANT KUUEii'I:LCIDBS :
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Meugennalt

Rodent coutrol poisous that kill by causin, beworrhaye are wideay
used, and avian predators gy capture puisoued rodunts. uUwls were ited
rodents killed with six anticoagulant baits. Four coppouuds led tou

teworrhaging in svme owls; heuworriaging was lethal with brouvdioloune,

-~

brodifacoun, and diphacinone, ana sublethal with difeuacoum. HU_ auverse

effects occurred with fuuarin and chloropltiacinone.
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anticoagulants (1) coustitutc‘UVcr YUe ot all rouaecnt pPULSUNS USed La
tue Laited dStates (). The Cowpounds cause hewolruage by LViocKing syutuesis
of ciotting factors at a step involving vitamin a (3). oSeveral days are
norually requiréd after iaitial ingcstiun of the anLicougul;nL velore stores
Ol facturs are exiausted and SYLplous dppeale Tue delayed actiovu ailows

poisvned rodents to remain active aog available to preuvators for several dayse

T Tals pusus d potential Wazard of sucondary poisvning, in wuicu predaturs

-

tapesl Loxicants tnal are preseat in tissues of their ¢rey rather tihan oy
4ifuect intake. aiscellaneous accounts of such poisoain, iuciude o catl aia

vUSSLOly shunks tuat died frow cating prey containing warrarin, rats trou

waalialy pIey countainluy difenacouw, and uine ang UupS L0 Caliuyg pley

Coutasiisny Cive different coupounus (1,4,5). wugs, hivwever, were uut afleclea

+y waClafia=puisoicud mice (v). anticvagulant secundary pUisvuilly awoliy,

VLrUs ol prey hQs ol oeeun reported, and Was exauinted dquriag the preseut sludye.
'ln d preliuinary trial conuucteu in 1970 at Ulyupid, wasninugton, turee

oFedt=buluey owls (bupbo vir, inianus) and one Sav=whet owli (Acgyulius acacicus)

werfe cach fed two diphacinoue=ailled wice (PErOLYSCUS waniculatus) dally rour

5 Jdays. Hice had consutied 4 letual dose of toxicaat uuring a lu=day free-
cuvice bivassay. rach nmouse was fed one L daily o1 an vat=groat vait

containing G.Uls aipuaciunone (7), aud individual dalt cunsuuption was -

®

recorded Jaily; uvawused Pu;iua Lab Chow? was also available 23Aiibituu.

UWls wure fed two puisoned ulce daily tor five ddys, tuliuvwed vy caicken
hieads on eacl test day aud auring a suusequent Lumday voservatiou pelivae
Lugpulativa was measured in 41} uwls ou days U (pre=treatucnt y, Uy ulG sl

ulie échL—huruuu owl, ou days 13 ang 2. siood (Uel cc ur tess) was cutaected

Lruis tue vrachial veiu in a Hou—hwparinized uicrobicuatocric tuue, alid wus

Leased witti i tovked acedie uatil tie. 1irst SLTatu Ol Tiorln appealiue  cals
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provided an index of coajgulation tine that was reproduciole tu witain 1 min
for norudal coagulation, a seusitivity surficieat for assessing anticuagulaunt
intoxication. Norual tiunes were approxicately J.U nia.

In the principal experiment, 3u barn owls were fed rats (rattus

norvegicus, K. rattus, and R. exulans) captured in niiu, aawall, any poisoaed

witn diyhacinonc,'chlofophacinuue. funarin, ditenacouu, bromaaiolvne, or
vrodifacoua (l). lndiviuuallygcageu rats were feu 0dt—,roat paits couteining
repistered or reconnended concentrations of toxicaut: UG.UcSi fuudria, U.uUZA
itudiiacuum, danu UeLUSL otﬁcr COnpoLNGs. bails were fed rour 5 44)5 un 4 Iree~-
clhwoice basis (Lab Cauw was availaple as belore), anu bail consuugtion was
recurded dailiy. anticoagulanc;kiiieu Fatls werle feu Lu Uwis Lur perious ol

i, 3, v, Or 1v uays tou allow Culparison of various perious oI expusure Chat
seelied likely to be encuiatered ia the fielc. Lndosed rats were red to tie

owls caca dfteravon; portions uut eaten were weighed ana recordeu thne next
tiording, iucluding an esticate of the fractions of aliuentary’ tract (contaiuing
pussidle unadsurved toxicaut) and of liver (containing tue wajority ot avsorveu
toxicant and metabolites) (5). The experiment was run iu three parts: i,
feediag of dosed rats for 1 aud o days; 2., feeding of uused rats for 3

and lu days; and 3., replicate of (2). In eacu PArt tuere was vie owl per

-

toxicaat for eacun feediay reginme plus two controls. Species of rats fed to

each owl were wixed, except that all in part 3 were he exulans.

Uwls were ootaiuacd frou the brecaing ;olouy at Patuxeut ailolite wesearch
Leater an& were housed during the experiment iu individuas ;uuuot Cd e
measuring 33 X 75 X bi cus  The daily ligut regiwe in parts 1 and 2 was
13u:lly, vut in part 3 it was lul:l4p (to inﬁibit pussidle developueut ot

the younads, since the wonth was darch).  buring “dara” hours, a wooded 7 ijL w
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bulo provided slight illumination. Pre—experiuental weiglits Fauged fron
425 to bU5S g (Tuole 2); puSt=treatuent weignts haa not changed signiticantly.
Coagulation indices were mcasurcd>5 days betore wusiug, 20 days after
first dosing, and (part 2'bnly) bp the 3ra day after tihe eud ot dosing.
Pre-test coagulation times ranged from V.25 to 3.35 min. Birds that diea
-during the experimept were ne;ropsied on ghe day_uf deatq; owl; that
survived to &ay 2V were sactifiéea wign chlo?uform and necropsied,.
all four owls_in'tNe prelinipgary trial diéplayed ahticoagu;ént poisoaing,
and three died from nmassive henorrhaging, (Table 1). Loabylatiun'inaices
on day o were elevated by 22~34+ wmin; in tge sﬁrvivor, recuvefy wias only
partiali by day lo (o nmin).
Ia the priacipal experinent, six parn owls died: tive éhat were fed

srodifacoun rats, aud oue fed bromadiolome rats (Table Z). &siras fea

uifenacouu survived, out tiose on b= ana lu—day feeding regiues neuurriuged

’ ) . -
(Table 2), oue of them (nov. 413) severely. Uther biras feq bronadiolone, ana

all those fed rats puisonea with diphacinone, funuria, and chloropuacinone
survived without apparent iutoxication.

.Hemurruages occurred taroughout tie cafcass, incluuing subcutaneous )
areas aad visceral organs. bSublethal lesions were siuwilar to leth#i uués,
but were less uumerohs ane severe. Unly Aead oirds,'howevgr, displayea
hemorihage of‘the heart wall or distension of the pericaraium vy clear or
blovdy fluid. The coagulation index was elevatea (10 win) ia the oird
sampledisnurtly before deaﬁh (no. 57); other coagulation indices werls
withia normal Fange. - . o

We lhdve dewvnstrated a_potential nazard to aviau predators of

secoudary poisoning by four anticoagulaat rodenticives. brouiftacoun and

bruwadiolone were lethal to sowe barn owls, and difenacouwn prouduceu

A
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sublethal hemorrhaging in this species at tﬁe levels tested. The only
conpound tested on three species of owls, diphacinone, was toxic to
great-horned and saw-whet owls during the preliminary trial, but not to
barn owls in the principai experiment. Possible éxp{anations include
interspecific differences in susceptibility anong the owls, or differences
in prey species and hence in netabolites presented _to then (5). However,
we can draw no conclusions without further comparative tests using‘a
consistent protocol. |

The effects of anticoagulants on rap;érs in thé f{eld remain to be
assessed. Thé amount of toxicant ingested by rodents under natural conditions
is probably similar to that under our regime (free-choice bioassay of e;ch
hait at registéred or recommended concentrations). A large-scale confrol
program also exposes predators to poisoned prey for a nunber of days.
Therefore, secondary poisoning of réptors by anti;oagulants under certain
‘conditions seems likely. The effect of a given dose on bifds may be exacerbafed
by condifions in the field, inciuding stress, changes in diet (9) or increased
activity (10). Minor injury can also increase susceptibility, even if the
injury has occurred before exposure (owl no. 253 suffered massive heno;rhége
at the site where blood had been sampled 17 dais earlier). Caution is
indicated 19 the use of anticoagulants for rodent control unless toxicity
‘tests have shown that little danger exists for thg combinations of compound,
predator, and prey species concerned. This i{s of particular concern

where avian predators on rodents are rare or endangered.

Vivian M. Mendenhall, U. S. Fish and ﬁildlife Service, Patuxent Wildlife
Research Center, Laurel, MD 20811
Larry F. Pank, U. S. Fish and Wildlife Service, Denver Wildlife Research

Center, Hilo, HI 96720
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Anticoagulants discussed include 4 registéred as rodenticides in the
U. S.: warfarin (3-[a—acetonylbenzyl-4-hydr§xycoumarin],
diphacinone [2-(dipheny1acetyl)-1,3-indandione], chlorophacinone
(2-[(p-chlofophenyl)phehyiacetylj-l 3~indandione), iumarin (3-(a-
acetonylfurfuryl)~4-hydroxycoumar1n], and 3 experxmental ones:
dlfenacnum [3~(3-p-diphenyl-~ 1,2,3 4-tetrahydro—l-naphthy1)-4-
hydroxycoumarin], brodlfacoum (3-[3-(4'-bromoblpheny1~4-y1)-
1,2,3,4-tetrahydro—l-naphthyl}-4-hydroxycoumarin), énd
brrmadiolone (3-[3-(4'-br0mobipheny1-4-y1)-3-ﬁydto§y-1-pnenylpropyl};
4-hydroxycoumarin). Use of trade names does nof imply endorsement
of commercial products by the Federal government.
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R. A. 0'Reilly, Annu. Rev. hed. 27, 245 (1976).

Discussion after D. G. Crabtree and W. H. Robinson, Trans, N. Am. Wildl,

Conf. 17, 167 (1952); J. 0. Bull, Proc. Vertebr. Pest Conf. 7, 72 (1976).

J. Evans and A, L. Wara, J. Am. Vet Med. Assoc. 151, 856 (1967).

R. F. Prier and P. H. Derse, J. Am. Vet Med. Assoc. 140, 351 (1962).

W. E. Howard, R. E. Marsh, R. E. Cole, J. For. 68, 220 (1970).
M. G. Townsend and K. A, Tarraﬁt, XenoBiotica 7, 114 (1977).
. —lrorlca 4

R. Lalibérté, S. Chakrabarti, J, Brodeur, J. Pharmacol. Exp. Ther. 196,

194 (1976); H. w. Colvin, Jr. and W. L. Wang, Toxicol. Appl.
Pharmacol._gg, 337 (1974),

A. J. Oliver and S. ¥y, Wheeler, Austr., wildl. Res. 5, 135 (1978).

We thank D. C. Smith, S, M. Brown, R. N. Berthold, and D. N. Hirata for
technical assistance, and §. D. Haseltine and W, J. Fleming for -

consultation on necropsies.



Table 1. Secondary toxicity of diphacinone to owls.

Owl Mice fed to owls Days

wt. Total Dose to
Species (g) wt. (g) (mg)* _. deatﬁ
Great- 1271 175 . 3.5 -
hnrned 1226 A156 4.1 14

1135 143 4.6 14
Saw-whet 110 156 6.1 7

L4 - -
* Total toxicant consumed by mice. .
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